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To evaluate the variability in the reported accuracy of the 
exercise electrocardiogram (ECG) for predicting severe 
coronary disease, meta analysis was applied to 60 consecu- 
tively published reports comparing exercise-induced ST 
depression with coronary angiographic findings. The 60 
reports included 62 distinct study groups comprising 12,030 
patients who underwent both tests. Both technical and 
methodologic factors were analyzed. 
Wide variability in sensitivity and specificity was found 
(mean sensitivity 81% [range 40% to lOO%, SD 12%]; 
mean specificity 66% [range 17% to lOO%, SD 16%]). All 
three variables found to be significantly and independently 
related to sensitivity were methodologic (the exclusion of 
patients with right bundle branch block, the comparison 
with another exercise test thought to be superior in accu- 
racy and the exclusion of patients taking digitalis). Exclu- 
sion of patients with right bundle branch block and com- 
parison with a “better” exercise test were both significantly 
associated with sensitivity for the prediction of triple vessel 
or left main coronary artery disease. Adjustment of exer- 
cise-induced ECG changes for changes in heart rate was 
strongly associated with the specificity for critical disease 
(partial R2 = 0.436, p = 0.0001). 
(.I Am Co11 Cardiol1989;14:1501-8) 
Patients with atherosclerosis involving more than one coro- 
nary artery have a poorer prognosis than do those with less 
severe disease (1). In particular, those with disease involving 
three vessels or the left main coronary artery fare better with 
surgical than with medical therapy (2). The accuracy of the 
exercise electrocardiogram (ECG) in identifying these pa- 
tients is therefore of interest. Several ECG variables have 
been claimed to be useful for improving the accuracy of this 
test (3-5). Most of these have involved some modification of 
the measurement of the exercise-induced ST depression. 
There is little consensus concerning how to make these 
modifications (6-8). Furthermore, exercise ECG protocols 
differ markedly in number of leads used, type of exercise 
(bicycle, treadmill, and so forth), computerization of results 
and classification of equivocal or nondiagnostic test results. 
To determine the accuracy of the exercise ECG for 
predicting multivessel coronary disease, clinical investiga- 
tors have executed numerous studies comparing exercise- 
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induced ST depression with results of coronary angiography. 
Though excellent research has been performed, little agree- 
ment has been reached concerning the optimal protocol and 
method of interpretation or even the accuracy of this test. 
Meta analysis is a quantitative analysis of the variability 
of results from numerous reported studies (9-14). To our 
knowledge, this method has not yet been applied to diagnos- 
tic testing. We applied meta analysis to the international 
literature on the diagnostic accuracy of exercise-induced ST 
depression to 1) determine the expected value and variability 
in this test’s accuracy for predicting multivessel and triple 
vessel or left main disease; and 2) determine which technical 
and methodologic factors independently affect the reported 
accuracy and its variability. 
Methods 
Literature review. The Bibliography Retrieval Service 
and MEDLARS were used to search the National Library of 
Medicine data base for reports published between 1974 and 
1987 comparing the diagnostic accuracy of the exercise ECG 
with coronary angiographic findings. The bibliographies of 
three major textbooks on the subject were also searched 
(6-8). The bibliographies of review articles published be- 
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Table 1. Variables Abstracted From Published Studies of the Exercise Electrocardiogram (ECG) 
Not Used in Multivariate Analysis 
Because of Missing Data 
Used as Covariates in Multivariate Analysis 
Technical Factors Methodologic Factors 
Mean age 
Percent of study group with: 
1) Typical angina pectoris 
2) Prior infarction 
3) Left ventricular hypertrophy 
4) Right bundle branch block 
5) Left bundle branch block 
6) Mitral valve prolapse 
7) Resting repolarization 
abnormalities 
Percent of study group taking: 
I) Beta receptor blocking 
agents 
2) Digitalis 
3) Long-acting nitrates 
Percent of patients achieving 
“Adequate heart rate” 
Mean work load achieved 
Mean heart rate achieved 
Mean rate-pressure (double) product 
achieved 
Point on ST segment where 
measurement was made 
Time interval between 
Exercise test and coronary 
angiogram 
Publication year 
Hyperventilation used 
before exercise 
(yes/no) 
Exercise protocol 
(Bruce, Ellestad, 
other treadmill, 
upright bicycle, 
supine bicycle, 
Master step test) 
Number of leads 
Upsloping ST segments 
considered abnormal 
(yes/no) (see text) 
ST depression 
adjusted for heart 
rate (yes/no) 
(see text) 
Computer algorithm 
used to analyze 
ST segment (yes/no) 
Definition of 
angiographic disease 
(50% versus 70%) 
Was the exercise ECG being compared with 
a “better” test? (yes/no) (see text) 
Were patients with the following conditions 
excluded from the study group? (yes/no) 
I) Female gender 
2) Left ventricular hypertrophy 
3) Right bundle branch block 
4) Left bundle branch block 
5) Rest repolarization 
abnormalities 
Were patients taking the following 
medications excluded from the study? 
(yes/no) 
1) Beta receptor blocking 
agents 
2) Digitalis 
Did the authors comply with the following 
standards? (yes/no) (see text) 
I) Avoidance of work-up bias 
2) Blind reading of angiogram 
3) Blind reading of exercise 
ECG 
Treatment of equivocal or 
nondiagnostic tests: 
I ) Excluded from analysis 
2) Included and considered as normal 
tests 
3) Included and arbitrary decision made 
as to normality 
tween 1984 and 1987 and retrieved from the previously cited 
computer search were also scanned to complete the meta 
analytic data base. 
The 625 publications resulting from these searches were 
screened. Only those studies involving groups of 50 patients 
or more who had undergone exercise electrocardiography 
with ST segment measurement and coronary angiography 
were included. When more than one report from the same 
institution and same time period (within 3 years) was found, 
the latest report was considered unless it could be verified 
that duplication of data was not involved. Reports that did 
not allow the calculation of sensitivity and specificity for the 
prediction of multivessel angiographic obstructions or for 
the prediction of triple vessel or left main coronary disease 
were also excluded. The remaining 60 reports were retained 
for review (3-5,15-71). In all 60 reports, 0.1 mV of ST 
depression was used as the criterion for abnormal exercise- 
induced ST depression. Two of these reports presented 
results of two separate study groups that had been based on 
differing case definitions or protocols, or both; these study 
groups were treated as independent observations in the 
ensuing calculations. 
Recording of independent variables. Two investigators 
reviewed each of the 60 publications and recorded the values 
of the independent variables listed in Table 1. Reports in 
foreign languages were first translated into English. 
Variables studied. The variables recorded for each pub- 
lication included 1) population characteristics; 2) technical 
factors; and 3) methodologic factors. Table 1 displays these 
variables. 
Technicalfactors. The second column of Table 1 lists the 
technical factors included in the multivariate regression. 
Two of these, concerning upsloping ST segments and heart 
rate adjustments of ST measurements, require some expla- 
nation. Controversy exists as to whether an upsloping ST 
depression should be considered as an abnormal test result 
(43,72). When a report included a statement to the effect that 
only flat or downsloping depression was abnormal this was 
noted. Otherwise, the assumption was made that upsloping 
depression could also be abnormal. 
Because the ischemic ST response is related to myocar- 
dial work and the latter is related to heart rate, heart rate 
adjustments of ST segment depression have been proposed 
to improve accuracy in the diagnosis of coronary artery 
disease. Since several publications (4,34,73) were found that 
discussed this topic, heart rate adjustment was included as a 
variable. 
Methodologic factors. The third column of Table 1 di- 
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vides these factors into four categories: 1) The comparison 
of the exercise-induced ST depression with another exercise 
test, such as exercise thallium scintigraphy or exercise 
echocardiography, that the authors claimed to have superior 
accuracy. Investigators assessing such “superior” exercise 
tests might expend less effort on interpreting the exercise 
ECG, and thereby decrease its reported accuracy. 
2) The exclusion of women or patients with specific 
medical or ECG abnormalities or of those taking specific 
medications. These conditions and medications that are 
frequently present in patients undergoing exercise testing 
might cause the test results to appear better than they would 
if such patients were included. Their exclusion might there- 
fore cause an apparent increase in the accuracy of the test 
(74). 
3) The adherence to three methodologic standards pro- 
posed by Philbrick et al. (74). The first of these, the avoid- 
ance of work-up bias, was considered fulfilled if the report 
included a statement that the results of the exercise ECG did 
not affect the decision to perform coronary angiography. The 
second and third standards concerning the blind reading of 
the coronary angiogram and the exercise ECG were consid- 
ered fulfilled if there was a clear statment that these test 
results were read in a blinded fashion. 
4) The treatment of equivocal test results. Investigators 
commonly report some test results as equivocal or nondiag- 
nostic. These “equivocal” test results involve either findings 
that are difficult to interpret because they are close to the cut 
point of abnormality or patients who had normal exercise ST 
segments but failed to achieve a target level of cardiac stress. 
In calculating test accuracy, these equivocal results are often 
excluded from the analysis or included and considered as 
normal results. Some investigators do not mention equivocal 
results or state that there were no such results. In these 
cases it was assumed that such results, if any, were assigned 
either a normal or an abnormal value based on the judgment 
of the test interpreters. 
Recording of test accuracy. Sensitivity is defined as the 
percent of patients with angiographic disease who were 
correctly classified by an observed ST depression exceeding 
a certain cut point value. Specificity is the percent of patients 
without disease correctly identified by the absence of such 
ST depression. 
Multivariate regression analysis. All of the variables 
listed in the second and third columns of Table 1 were 
entered as independent covariates in a weighted multivariate 
linear regression analysis (SAS STEPWISE) (75). This 
method calculates F statistics for each independent variable 
and begins by choosing the variable with the highest F 
statistic provided it exceeds a criterion value, corresponding 
to p = 0.05. It then proceeds to calculate and examine the F 
statistics for each of the remaining variables and chooses one 
for entry by the same criterion. After entering a variable, the 
method reexamines those already entered and deletes those 
23 N = 53 
Mean = 81 % 
Figure 1. Distribution of sensitivity of exercise-induced ST depres- 
sion for predicting multivessel disease in 53 study groups for which 
this was reported. 
that produce F statistics that have values lower than the 
criterion. The recorded sensitivities and specificities were 
entered as dependent variables. The weights assigned to the 
observations were the number of patients with coronary 
disease for sensitivity and the number of patients without 
disease for specificity (75). 
Deletion of variables due to missing data. Missing data 
were frequently problematic. For example, 82% of the 
reports did not reveal the average work load achieved and 
48% did not reveal the number of patients who were taking 
a beta-receptor blocking agent. These reports could not be 
entered into the multivariate analysis because this analysis 
requires that all observations (study groups) have complete 
data. Similarly, data concerning angiographic subsets 
(double, triple and left main disease) were not entered 
because of incomplete reporting of the number of patients in 
these subsets. Some of the information lost because of 
incomplete reporting was recovered by including dichoto- 
mous variables concerning the presence in the publication of 
a statement to the effect that certain subsets of patients 
(women or those with prior infarction, for example) were 
excluded from the study group. 
Results 
Of the 60 reports, 26 resulted from research done in the 
United States; 8 were from Canada or Mexico; 21 from 
western Europe; 2 from eastern Europe and 3 from Australa- 
sia. The 60 reports included 62 study groups comprising 
12,030 patients, of whom 5,174 had multivessel coronary 
disease. 
For the prediction of multivessel coronary disease, sen- 
sitivity could be determined for 53 of the study groups and 
specificity for 49 of them. Figures 1 and 2 show the distri- 
butions of sensitivity and specificity for the prediction of 
multivessel disease. The weighted mean sensitivity (&SD) 
was 81 2 12%; the weighted mean specificity was 66 t 16%. 
Multivariate analysis for multivessel disease. Table 2 dis- 
plays the results of the multivariate linear regression analy- 
1504 DETRANO ET AL. JACC Vol. 14, No. 6 
EXERCISE ELECTROCARDIOGRAM META ANALYSIS November IS, 1989:1501-8 
20 N 9 49 
Mean-66% 
,5_ S.D.916% 
Figure 2. Distribution of specificity of exercise-induced ST depres- 
sion for predicting multivessel disease in 49 study groups for which 
this was reported. 
ses for sensitivity and specificity for multivessel disease. For 
the calculation of sensitivity, seven observations (study 
groups) were deleted because of missing values; for speci- 
ficity, eight were deleted. The multivariate models created 
by the stepwise procedure correlated poorly with sensitivity 
(R* = 0.364). No independent variables were significantly 
associated with specificity for multivessel disease at the 0.05 
significance level. 
For the prediction of triple vessel or left main coronary 
disease, sensitivity could be determined for 48 of the 62 
study groups and specificity for 45. Figures 3 and 4 show the 
distributions of sensitivity and specificity for the prediction 
of triple vessel or left main disease. The weighted mean 
sensitivity was 86 5 11%; the weighted mean specificity was 
53 + 24%. 
Multivariate analysis for triple vessel-left main disease. 
Table 3 displays the results of the multivariate linear regres- 
sion analyses for sensitivity and specificity for this entity. 
For the calculation of sensitivity, seven observations (study 
groups) were deleted because of missing values; for speci- 
ficity, six were deleted. The multivariate models created by 
the stepwise procedure correlated poorly with sensitivity 
Table 2. Variables Independently Associated With Sensitivity for 
Predicting Multivessel Angiographic Disease as Determined by 
Stepwise Linear Regression 
Sensitivity 
Partial R* Coefficient p for Entry 
Were patients with right bundle 
branch excluded? 
(yes = 1, no = -1) 
0.180 0.046 0.008 
Was the exercise electrocardiogram 
being compared with a “better” 
test? 
(yes = 1, no = -1) 
0.106 -0.046 0.014 
Were patients taking digitalis 
excluded? 
(yes = 1, no = -1) 
Interceut 
0.079 0.035 0.028 
0.7% 
20. N = 46 
Mean=86% 
rg_ S.D.=ll% 
Sens!:lvl!y (Percent) 
Figure 3. Distribution of sensitivity of exercise-induced ST depres- 
sion for predicting triple-vessel and left main disease in 48 study 
groups for which this was reported. 
(R* = 0.269), but the correlation with specificity was better 
(R* = 0.558). 
Discussion 
Sensitivity and specificity for multivessel disease. Exami- 
nation of Figures 1 through 4 reveals two important trends. 
First, both sensitivity and specificity for multivessel and 
triple vessel or left main disease vary greatly across studies. 
Second, sensitivity is both higher and less variable than is 
specificity. In other words, though one cannot be certain 
whether a patient with multivessel or triple vessel involve- 
ment will be identified by the exercise ST response, it is 
more likely that these patients with severe disease will be 
properly identified (high sensitivity, lower variability), and 
less likely that those without such involvement will be 
correctly classified (low specificity, higher variability). The 
low specificity is not unexpected since specificity is calcu- 
lated from the “nondiseased” group, and “nondiseased” 
means no multivessel, triple vessel or left main involvement; 
it does not mean that the coronary arteries are normal and it 
does include subjects with single vessel disease. 
The wide variability in sensitivity and especially in spec- 
ijcity across studies is more dl#kult to explain. The step- 
Figure 4. Distribution of specificity of exercise-induced ST depres- 
sion for predicting triple-vessel and left main disease in 45 study 
groups for which this was reported. 
20- N ?? 45 
Mean ?? 53 % 
.5_ S.D. = 24 % 
:I & 
O-30 10-20 20-30 30-4040-5060-80 SO-70 70-8080-90 do 
Speciflclty (Percent) 
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Table 3. Variables Independently Associated With Sensitivity and Specificity for Predicting Triple 
Vessel or Left Main Coronary Disease 
Sensitivity 
Were patients with right bundle 
branch block excluded? 
(yes = I. no = -I) 
Partial R’ Coefficient p for Entry 
0.184 0.051 0.003 
Was the exercise electrocardiogram 
being compared with a “better” 
test? 
(yes = 1. no = -I) 
Intercept 
0.085 -0.035 0.043 
0.862 
Partial R’ 
Specificity 
Coefficient p for Entry 
Were ST segments adjusted for 
heart rate increase? 
(yes = I. no = -I) 
Was upright bicycle exercise 
used? 
(yes = 1, no = -I) 
Intercept 
0.436 0.229 0.0001 
0.122 -0.070 0.003 
0.738 
wise linear regression whose results are being reported is an 
attempt to do so. Of the 14 methodologic variables entered in 
the stepwise linear regression, only three were significantly 
associated with the sensitivity for multivessel disease and 
only two of the same methodologic variables were associ- 
ated with the sensitivity for triple vessel or left main disease. 
Role of right bundle branch block. The exclusion of 
patients with right bundle branch block on the rest ECG was 
associated with increased sensitivity for both multivessel 
and triple vessel or left main disease. Reports on the 
significance of exercise-induced ST depression in subjects 
with right bundle branch block have been infrequent (76-78) 
and have involved relatively few patients. The meta analytic 
findings presented in this review are therefore of interest. 
They suggest that the absence of exercise-induced ST de- 
pression does not exclude severe coronary disease in these 
subjects, 
Comparison with other exercise tests. The results of this 
meta analysis show that the sensitivity for both multivessel 
and triple vessel or left main disease was significantly and 
adversely affected by comparison with tests (usually radio- 
nuclide) that were reported as superior. When the exercise 
ECG is being compared with a test purported to be superior 
in accuracy, more attention may be paid to the reading of the 
“better” test than is paid to the ECG. Though such inves- 
tigator bias may play a part in determining differences in 
reported levels of accuracy, it may also be that the “better” 
test is applied to subjects for whom the exercise ECG is 
difficult to interpret (bundle branch block, for example). 
Chi-square analysis revealed that reports involving compar- 
isons with “better” tests were more likely to include sub- 
jects with left bundle branch block (p = 0.04), right bundle 
branch block (p = 0.03) or ST abnormalities at rest (p = 0.06) 
as well as those taking digitalis (p = 0.04). Both investigator 
bias and inclusion of equivocal ECG results can affect the 
decline in accuracy when such comparisons are made. 
Role of digitalis usage. A decrease in sensitivity for 
predicting triple vessel or left main coronary disease was 
associated with the inclusion of patients taking digitalis. 
Digitalis usage has frequently been implicated in decreased 
specificity. Only one investigation (79) involving a large 
study group (3,840 patients) specifically examined the asso- 
ciation of digitalis with sensitivity. That investigation found 
that the absence of ST depression was associated with an 
increased incidence of coronary disease in subjects taking 
digitalis. Our meta analytic result is in agreement with that 
finding and underlines the decreased utility of the exercise 
ECG in subjects taking digitalis. 
Role of heart rate adjustment of ST depression. Of the 13 
technical factors entered into the multivariate analysis, only 
adjustment for heart rate and the use of upright bicycle 
exercise were significantly associated with test accuracy. 
Both of these factors were associated with a significant 
increase in specificity for predicting triple vessel or left main 
coronary artery disease. 
The increased specificity for triple vessel and left main 
disease associated with heart rate adjustment of ST depres- 
sion is an important finding because this technique is rela- 
tively new and because of the importance of identifying 
these subjects. Heart rate adjustment was first proposed by 
Berenyi et al. (80) in Hungary. Elamin et al. (4) in England 
and Okin and Kligfield (5) in the United States have found 
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Table 4. Sensitivity and Specificity for Predicting Multivessel and 
Triple Vessel or Left Main Coronary Disease in Study Groups for 
Which Heart Rate Adjustment of Exercise-Induced ST Depression 
Was Employed and in Those Not Using Such Adjustment 
The editorial assistance of Maggie Meyer is deeply appreciated. 
Multivessel disease 
Sensitivity 
(number of study groups) 
Heart Rate 
Adjustment Used 
90% 
(2) 
Heart Rate 
Adjustment 
Not Used 
76% 
(51) 
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